Abstract-When the bit rate of the compressed video sequence is reduced by a frequency domain transcoder system, the rate control scheme is very important to maintain the consistent video quality. In this paper, we propose an efficient rate control scheme based on the complexity of MB while conventional transcoding schemes use that of a picture. Since the frequency domain transcoder has to calculate the spatial activity of MB to adjust the quantization step, the process to convert the DCT data into the spatial one is required. The proposed scheme calculates the spatial activity from DCT data without converting them to pixel domain.
I. INTRODUCTION
T RANSCODING for bit rate adaptation is an important technique for communication over heterogeneous networks whose bandwidths are different. When a video sequence is pre-encoded and stored, the characteristics of the channel do not be considered. This fact results in a great lack of flexibility in transmission of theses pre-encoded video streams through heterogeneous networks. An efficient way to overcome these problems is to use a transcoder that provides a match between pre-encoded video bitstream and the transmission channels [1] [2].
We focus on the video transcoder as a bit rate reducer in a network node, and it is important to achieve consistent video quality [3] . The rate control scheme for transcoder is different from that for video encoder in the view point that the information obtained from the decoder part of transcoder can be reused to enhance the performances of the encoder part. The re-used informations include the quantization parameters, the mode of MB(macroblock), the number of the encoded bits for a MB or picture [3] [4] [5] . Jun Xin et al. [3] used the strong correlation between complexities of input and output pictures in transcoder. They proposed a scheme to estimate the complexity of the output picture based on the complexity of input picture. K. Seo et al. [4] found that bit rate reduction ratio can be characterized by a PLD (Piecewise Linearly Decreasing) model, and proposed a rate control algorithm using the model with the bit rate of input picture. P. Assuncao et al. [5] proposed an efficient control scheme for transcoding buffer.
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II. BACKGROUND
There are two approaches for transcoding; spatial domain and frequency (DCT) domain transcoding. In spatial domain processing, the stored bitstream is de-compressed to pixel level and re-compressed at a target bit rate. On the other hand, DCT domain transcoder decodes the bitstream to DCT level and re-encode at a target bit rate. To reduce the complexity of transcoder system, we consider a system operating in frequency domain without the implementation of both the forward and inverse DCT [6] . The block diagram of transcoding system focused in this paper is shown in Fig. 1 . An input video stream is decoded by VLD (Variable Length Decoder), and then the result is inverse quantized by IQ (Inverse Quantizer). The DCT data is re-encoded into another bitstream with a different bitrate, where VLC and Q represent Variable Length Coder and Quantizer, respectively. The motion vector and mode data obtained from the decoder stage are re-used in the encoder part. The transcoder reduces the bit-rate by adjusting quantization parameter. To investigate the correlation between MBs of the input and output pictures, we tested three ¾¼ ¢ ¼ sequences, "football", "susie", and "table tennis". All test sequences are encoded by MPEG-2 MP@ML at ½¼Å Ô × , and they are transcoded to bitstreams at the lower bit rates, , , ¿, and ¾ Å Ô × . When the pre-encoded sequences are transcoded to those with the lower bit rates, the ratios between the average numbers of the generated bits for MBs in input and output images are shown in Fig. 2-6 . From the figures, we can know that the ratio for a mode in a picture type (I, P, B) is stationary for all cases. Thus, we can use the ratios to estimate complexities of MBs in the current output picture and propose an efficient rate control scheme using the MB complexity.
III. PROPOSED SCHEME
The proposed scheme consists of three steps which are similar to conventional schemes. Firstly, we allocates a target number of bits for a picture layer before coding the picture. Secondly, a reference quantization parameter is calculated based on the buffer fullness. Finally, the reference quantization parameter is modulated by considering the spatial activity of the MB.
A. Bit allocation for the picture (step1)
We define the complexity for each MB as follows.
´ µ ×´ µÕ´ µ (1) whose concept is similar to the picture complexity define in TM5 [7] . ´ µ represents the complexity of the th MB. ×´ µ and Õ´ µ are the number of generated bits and the quantization parameter during encoding the MB, respectively. Before transcoding an input picture, the proposed scheme estimates the complexity of each MB in the output picture as follows.
where ´ µ is the estimated complexity for th MB in the output picture and ÑÓ ´ µ is mode of the th MB. « and ¬ are calculated as follows.
where
, and Ë ¼ Ó ÁÒØ Ö are average numbers of generated bits for Intra and Inter MBs in previous input and output pictures, respectively. The complexity of the current ( th) output picture can be calculated by
where the number of MBs in a picture is denoted by Å . Then, the target number of bits for the current ( th) output picture is computed by
where Ê is the remaining number of bits for the current GOP and the number of pictures in a GOP is denoted by AE .
B. Bit allocation for the macroblock (step2)
TM5 [7] allocates target bits for each MB in a picture without considering the mode of MB. Since the mode of MB is decided based the energy of predictive residual data Fig. 4 . Ratios between the average numbers of bits generated to encode the input and the output Inter MBs in P pictures, when the pre-encoded "football" sequence (½¼Å Ô × ) is transcoded to , , ¿, and ¾ Å Ô×.
of the MB, the mode is intimately related to the number of generated bits for the MB. We propose that different bits have to be assigned to each MB according to its mode. Let Ö is the number of remaining bits for the current picture. The number of bits allocated to the th MB is denoted by Ø´ µ which is proportional to the estimated complexity of the th MB.
The fullness of appropriate virtual buffer for each picture type is calculated as
where Ò´¼ µ is the initial buffer fullness for each corresponding picture type, and ´ ½µ is the number of bits generated by encoding all MBs in the picture up to and including thé ½µth MB. The buffer fullness, ´ µ, is then fed back and used to adjust the reference quantization parameter for the th MB by the method of TM5 as
C. Adaptive quantization (step3)
When TM5 is used in transcoding system, the decision process for the quantization parameter has two problems. One is that the average activity of current ( th) picture, ´ µ, is estimated from a previous picture, it is not proper to a picture having scene change. The other is that the input data has to be converted to the pixel domain data, since the spatial activity of th MB, Ø´ µ, is calculated from pixel data. We propose a scheme to calculate the Ø´ µ in the DCT domain, where data of the current input picture is used to estimate the ´ µ, In the proposed transcoder, an input bitstream is decoded to DCT domain data, then the proposed scheme estimates ´ µ by applying (11) to all MBs of the current input picture as
where Å is the number of MBs in a picture. Note that Inter MB has the transformed data of predictive residues while Intra MB has the DCT coefficients for pixel values. Activities of Inter MBs are substituted by those of reference blocks indicated by the motion vectors of the MBs. The quantization step for th MB, É £´ µ, is decided by applying (11) into TM5 as follows.
where Ø £´ µ is the normalized activity of the th MB defined as
IV. SIMULATION RESULTS Simulations using "football" sequence were performed to evaluate the proposed algorithm. The original sequence is coded at 10Mbps, where the size of the picture is ¾¼ ¢ ¼ and the structure of GOP is AE ½ ¾ and Å ¿ . The encoded bitstream is transcoded into output data with several lower bit rates, , , , ¿, and ¾ Å Ô×. To evaluate the performance of each step of the proposed scheme, each step is applied to the rate control module of transcoder. Firstly, the compressed sequence is transcoded by using only step1 and step2 of the proposed scheme. From the simulation results shown in Fig.  7 , it can be observed that the better results are achieved by the proposed bit allocation method than TM5 [7] , and step2 of the proposed scheme enhances the performance of the transcoder. Transcoding using the Proposed Scheme Transcoding using the Conventional Scheme [3] Transcoding using the Conventional Scheme [4] Transcoding using the TM5 [7] Fig. 8. Average PSNRs of the images transcoded at several bit rates when original sequence (football) is encoded at ½¼Å Ô×. Transcoder using the proposed rate control scheme is compared with the conventional schemes.
To evaluate the performance of the proposed step3, the results are shown in Fig. 8 , where the proposed scheme are compared with TM5 [7] and two other conventional schemes [3] [4].
V. CONCLUDING REMARKS
In this paper, we proposed an efficient rate control scheme to improve the quality of output sequence in MPEG-2 transcoder. The proposed scheme allocates a proper target number of bits to a picture and each MB based on MB complexities. The quantization step is adjusted by spatial activity of a MB calculated in DCT domain. Simulation results show the effectiveness of the proposed scheme. Since the complexities of macroblocks in a picture are intimately related to the number of coded bits for the picture, the proposed scheme can control the generated bit rate more efficiently than the conventional schemes.
